Abstract-The purpose of this study is to develop annual overhaul decisions and refine overhaul instruction sustain availability for the turbo-machinery industry under consideration of cost. Taguchi's orthogonal array was used to calculate the cost and make comparisons between factors, resulting in the best combination of factors from the full factorial experiment method. The cost-value approach was used to determine the requirements for each candidate, the cost of implementing the availability, and the value of the availability. Finally, the determined levels of factors resulted in the optimal combination, which mapped to the direct cost and cost value, In practice, a decision tree is utilized to determine, while new factors are added with regard to decision-making or risk-taking. This research is based on a case study from the turbo machinery industry, but the approach and results can be adapted to other maintenance industries, as well. The overhaul instruction model was developed through a trade-off between cost evaluation and quality management to perform the overhaul of turbo-machinery, in which the quality system, ISO9001: 2000, is used to demonstrate the overhaul steps to meet all requirements.
I. INTRODUCTION
To ensure the availability of turbo machinery, proper overhaul maintenance is vital for manufacturers, such as power plants, plastic producers, refineries, waste disposal incineration facilities, and petrochemical plants. Thus, the recovery of machinery breakdown should be reliable and rely on technical support and services from turbo machinery vendors. It appears that solutions involving spare parts and overseas and local OEM (Original equipment management) support are three maintenance levels that are used to ensure subsequent normal operation.
Annual overhaul instruction is introduced in this study by a cost-value approach, which pays off in the lifetime of turbo machinery: the higher the value of turbo machinery, the greater the downtime cost is in the maintenance period. Turbo machinery requires special equipment, tools, high skills, and available parts for restoration, regardless of whether it is for annual overhaul or unexpected shutdown. Comprehensive knowledge and maintenance expertise are also required to implement overhaul technical orders, for which we identified four factors in the construction of Taguchi's orthogonal array (OA) analysis by matrix of the L 9 (3 4 ) technique. The cost value approach is incorporated with equipment availability to compare direct costs in the overhaul. By doing so, overhaul instruction may be adequate to manage an overhaul job that requires technology, workflow plans, labor hours, and quality control systems.
Because overhaul is a periodic job of maintenance and repair that is planned in advance per the maintenance, repair, and overhaul (MRO) industry, preventive maintenance is performed by disassembly and inspection of the extent of overhaul for potential wear problems. Features of the MRO process might not be specific for certain repair conditions, and owners and contractors rarely track historical job information regarding the repair procedures that will be used to improve machinery overhaul instruction. This study can help develop a package to guide overhaul decisions in MRO industries.
II. LITERATURE REVIEW
Machinery overhaul is an integrated job for maintenance, including maintenance, parts replacement, and re-build processes. Early in 1984, complex systems were generally repaired, instead of replacing parts, which means that such systems can be restored to fully implement the required functions by method rather than replacing the entire system [1] . A general analysis was performed by processing data that were collected while performing maintenance and repair procedures, based on available knowledge and extensive experience that was gained by performing general maintenance of aircraft overhaul in the field of design, methodology, and approach [2] . Twenty replies to questions advised on repair technologies of turbo machinery in many cases, such as welding, re-building, and inspection technologies, and today's repair and maintenance activities are widely applied for many overhaul projects; thus, parts replacement is not the only solution [3] .
Repeatedly, overhaul management of turbo machinery is performed with repairs and overhauls in the recovery solution [4] . The magazine Turbo machinery International has published articles on how to repair with inquiry and bid evaluations [5] - [8] . Many ideas and examples are applied using this method, which is the initial stage of machinery overhaul that must be focused on. The spare parts strategy in logistics management is addressed using the spare parts inventories of repairable items [9] . The evolution of logistics management has been influenced by the internet in the past decade, increasing frequent communication between users and suppliers to help shorten the lead time between tiers of the supply chain. But, customized parts might still fail to comply with our time expectations, raising the question of how the overhaul principles affect the strategic choices and related policies [10] .
Fault detection of turbo machinery plays an important role in the minimization of power plant operation costs that are associated with power plant overhaul intervals. In other words, it is helpful in generating pre-alarms and paves the way for corrective actions to take place in due time before incurring major equipment failure [11] . Fault detection methods and fault-tolerant control systems indicate the level of research that is carried out in the gas turbine industry [12] .
Although all resources can support the overhaul process safely once it is carried out, cost remains a concern. Few studies discuss quantitative examples, and it is difficult to find related articles on the turbo machinery overhaul process. Many papers have studied the maintenance cost issue using mathematical methods, but most do not address the practical background or whether these methodological models can be used, such as Weibull's law and conditional, corrective and preventive maintenance [13] . Based on the ratio of preventative maintenance cost to corrective maintenance cost and the ratio of conditional maintenance cost to corrective maintenance cost, a chart of maintenance methods can be generated to choose the procedure. The most important criterion is always the production cost. Hence, this paper also concerns production cost.
Wang and Kuo developed 4 series of system configurations with mixed standby components with regard to reliability and availability [14] . The 4 configurations were compared, based on their mean time to failure (MTTF) and availability. They divided cost/benefit ratios into 2 categories: cost/MTTF and cost/availability. But, considering mean time between maintenance (MTBM), the results of the paper could be the same due to the availability elicited from MTBM and MDT (Mean down time).
Early in 1991, availability could be expressed by Ao, Aa, and Ai [15] . Ao = A(Availability) = MTBM/(MTBM + MDT), which is related to a repairable system. MTBM is the time that a component or a system stays in an operational situation. MDT may be considered the mean down time or time that a component or system stays in maintenance. So, availability is a time-related factor that measures the ability of a product or service to perform its designed function. Comparatively, once the availability is higher, the maintainability will be lower, because maintenance cost is related to useful time, whereas when availability time becomes longer, more maintenance costs can be saved.
The scope of preventive maintenance routine work is probably the same all the time, but vendors who supply services must face different customer requests and unexpected tasks. Nevertheless, the overhaul process must also draw up a planned schedule and detailed instructions with each step. William reported on job-shop scheduling for low-volume production with various instructions, such as which job steps are make-to-order and those that are fairly complex [16] . This paper extends on the maintenance scheduling process in detail to meet quality requirements for job-shop work and detailed work instructions and introduces the best implementation.
III. METHODOLOGY
Periodic overhaul planning for turbines in electric power plants has been addressed with regard to the functionality of the entire system under certain constraints in their annual maintenance [17] , but any breakdown in machinery could still result in costly power shutdowns during the production process; further, critical equipment and its subordinate spare parts must be available for any occurrence, which is expensive, and for specific and customized make-to-order items. Even consumable materials, such as lubricants for machines, filters, liquids, and oils, must be involved in preventive maintenance, which is referred to as overhaul. Four basic theories will be introduced step by step to understand how an overhaul can be managed.

An orthogonal array is used for combining factors at an optimal level for cost-effective evaluation.
Availability is applied for a cost value approach to make comparisons with the direct cost.  ISO 9001:2000 is applied to demonstrate the quality in our example of overhaul instructions. The orthogonal array (OA) of Taguchi is used extensively in the design of experiments in many diverse fields-notably, in industrial experimentation and quality engineering. The basic theorem of the OA is to select orthogonal and balanced combinations instead of all combinations, in which there are a finite row and column set of combinatorial design and a fractional factorial experimental matrix, from application of the design of the experiment. Hence, we would rather say "quality improvement" than "method of engineering" or "incremental design capability." Taguchi accentuates the use of parameter design to accomplish the objective above.
The objective of parameter design is to make a product's performance robust at minimal cost using the existing theorem formula instead of an experiment and using calculations to determine the parameter design. Thus, to calculate the cost using this concept, this paper extends the OA to a different application. We implement the OA to count the cost per formulas, in contrast to a combination of factor-levels without regard to quality, purely to obtain a calculation for cost. It is not an application of quality engineering, because no signal-noise ratio is present, but it is an OA application and may determine the optimal combination of factor-levels, assuming that the data are filled.
Data from a turbine compressor of the E Corporation in the E Group, Japan and its overhaul in Taiwan show that the 4 costly factors are 3 major components-rotor, bearing, and casing-pictured in Fig. 1 , plus 1 factor, manpower resource; the model defines these 4 factors x 3 levels. The design of the experimental concept tells us that there shall be 3 4 values of observation if we are asking for full factors of the experiment, as in Table I . But, per the fractional factors experimental theory, Taguchi's OA permits a reduction in the number of experimental observations. We would like to utilize this OA method to simplify the quantity of observations for cost value, and cost value is then calculated from the formula of the design and not from the experiments. For a full factorial design, there shall be 3 4 =81
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observation values, but using L 9 (3 4 ) through OA presents only 9 observation values, as in Table II , in which full factorial calculation can be used to prove the results, in addition to the design of the experiment by Taguchi's OA method. But, sometimes, we can not afford the cost of the full factorial experiment. In most situations, we only need to know the low-level effects of factors, which is why fractional factorial is feasible. Hence, the main effects will yield the optimal combinations of factors, as computed in Table III  noted in Tables I and II individually. 
Spare parts: (Level 3)
Cost calculation of D Factor:
The lowest level of cost will be concluded as Am, Bm, Cm, and Dm (m=1~3) for each factor in Table III . The real optimal cost may consider not only the direct cost itself but also the element of lifetime. The general solution developed here is an adaptation of setting different days for MTBM and MDT for each factor and level, and we will derive availabilities as A= MTBM/(MTBM+MDT). Relating cost to availability, we define a novel cost value approach, expressed as CV= Cost/A, to achieve optimal cost combinations for the factor-level results. Turbo machinery is highly technical, based on its chemical, high-pressure, and hazardous production processes; meanwhile, many standards should be inferred to meet specific requirements:  Once American Petroleum Institute (API) standards are applied, a maintenance facility is capable of high standards, including sources of the parts.
 Specifications are applied to individual processes as required, such as welding, and welding procedures are required to meet ASME XIII.  Non-destructive examinations are subject to SNT standards.

Material specifications are used in the selection and acceptance of materials, such as ASTM, JIS, and DIN. Static maintenance is maintenance that is carried out while machinery is shut down. Any activity during this period is in a static situation. Then, what is the next step to recover? Depending on the material and the metallurgical and physical state of the parts prior to the commencement of maintenance, ISO 9001:2000 is a very standard system that guides the first phase. Documents for each phase are required to express static maintenance to show credibility, especially during overhaul; this type of project must be requested and is not a routine production job. Systematic documentation leads to quality control steps. Based on ISO 9001:2000, quality system documentation should be cited and recorded [18] .
This study uses the main effect of OA calculations to obtain the optimal combination, which will normally be used on planned cases. If there is another factor that appears after the OA results are generated, then returning to the OA calculation again will be not efficient with regard to time consumption. Throughout the cost evaluation of OA and the approach of cost value, we may get the optimal combination of CVs compared with our initial plan. Besides cooperating with practical quality system documents, such as the method of static maintenance that is designed to assist the demonstration of the overhaul instruction, it seems insufficient for the configuration when designing a method as a supplement for the plan, whereas the execution process has a different request.
Overhaul implies pre-planning for some preventive maintenance activity. We will evaluate the existing situation
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Emergency purchasing actions must be taken immediately, and even the purchasing lead-time and production loss cost must be minimized. The part may be repaired locally rather than replaced with a new one; such a decision would be associated with the risk to the machinery life.
IV. APPLICATION
This paper discusses an example of the turbo machinery heavy industry, using 3 critical components and 1 critical job step as the factors for the calculation. Turbo machinery is usually composed of high-value machines, ranging from thousands to hundreds of thousands of US dollars. Because they have customized specifications, the supply of components depends on vendors of original equipment manufacturer (OEM) parts.
Take 1 horizontal split (axial split) M frame series centrifugal compressor made by the manufacturer, as in Fig. 1 [19] . This is the simplest and most common type of compressor construction. Lifting the upper half of the casing provides access to the inside for inspection and maintenance. However, the long horizontal joint restricts the casing pressure that can be effectively sealed, and thus, this type is suitable for low-to medium-pressure applications. A range of casts and fabricated casings are available.
From this compressor's operating monitor system, based on the most frequent occurrences from experience, Table IV lists sample situations to monitor; then, from the situations that are being monitored, the perception of damage may be indicated, and a maintenance solution may be planned. It may be determined that the table presents certain components, such as the rotor, bearing, casing, and seals, as being more important system elements. In this model, these 3 levels, as in Table I of maintenance solutions, are evaluated for each of the 3 factors A, B, and C, because it is critical to the overhaul cost of repair. For factor D, the installation resources include auxiliary tools, great skills, and technology guides. [20] , the first leg is called "things," referring to hardware, software, documentation, coding, forms, data entry methods, manuals, and reports, as the point which is auxiliary tools. The second leg is "people;" all systems interact with people. These people should be selected and well trained to make the system work, as the point of great skills. The last leg is called "management," which is the collective body of those who provide the policy, goals, support, technical direction, motivation, and visible use of the data, as the last resource point technology guide. Particularly in Taiwan, well-trained technicians are not easy to allocate.
The owner performs the overhaul plan that is suggested by the non-OEM vendor in the after-service period for the turbo-machinery. Taiwan exists in a non-resource-owned area at present, and the serviced company would like to develop such a service business with systematic management. We would like to use the study method to formulate the optimal cost and consider quality certification for the plan.
The 3 major components of the compressor-rotor, bearing, and casing-will be recovered, in addition to the factor of manpower resource, which is an important cost in the initial plan. From Table I , the 4 factors of the example are used to develop a repair system to fit our purpose. This system is adequate for use in professional engineering companies in Taiwan and can perform many miscellaneous service jobs for mechanical equipment.


Rotor
Dirt and serious corrosion on impellers are found during the initial inspection. The shaft wears out in the journal and coupling zones. Cleaning of the rotor and re-building or replacement of shaft are necessary, as judged. The damaged rotor can be recovered at the 3 levels that are described; buying a new one is planned in advance during the overhaul in deciding to replace this rotor with regard to whether it will be damaged or can still be re-used. The purchase order is placed before 3 months (90 days will be arranged in the work instructions) of the overhaul date. This is a different concept from spare parts being stored in the warehouse; spares are stocked for emergency use and for use in planning. But, buying new parts can only be supported with the use of planning.

Bearing
The customized bearing with a babbitt core is worn out, as well. Re-babbitting of the core material or replacement is required. Re-babbiting is a re-building technology, but the lifetime would be a concern with regard to degradation.  Casing There is gas leakage from the split face of the upper and lower casing by visual inspection, as clearly seen from the corrosion indication. Because the casing is impossible to supply in a short time, re-building for recovery is the only solution. However, its service life after the re-build depends on several factors and is uncertain. Re-building the split housing material for temporary use and ordering a new one for future replacement is another option. This option would require that the machine be taken out of service for a second time, with the associated costs in the loss of production.

Re-installation Most present-day operations require an autorun mode, but installation for maintenance must be run as a project, because it is impossible to be perform automatically. Therefore, certain installation procedures must be qualified step by step. Once some components are dismounted, re-installation from the first step of assembly is necessary, depending on the
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qualification of the technicians. Hence, OEM technicians are the best option, but if qualified technicians are available locally, the costs will be lower than for OEM technicians. Now, we would like to develop an overhaul flow, including these concerns, as in Fig. 2 . Based on the initial plan, this process can be a map before the complete work method instructions are developed by engineers. There are 3 concerns-resources, costs, and quality-for each activity. The maintenance resources comprise tooling, machining equipment, qualified manpower, and trucks for transportation between job shops and sites. Every resource must consider cost, shutting down, and disassembly job count in terms of working days and supported manpower. For the transport of disassembled components to the job shop for repair until these components are delivered back to the job site, the C3 parameter of static maintenance is defined as the repair cost; in this map, we assume the cost of C3 parts from C3a to C3e nominally before the work instruction steps are arranged. Fig.  2 can be the contract negotiation map between the sales service and the machinery owner; if the owner agrees to the map idea, the working details of the engineering steps can be arranged in the next.
Note: C3a+C3b+C3c+C3d+C3e=C3  Fig. 2 . Overhaul process map with instructions.
ISO 9001:2000 structures the documentation of the work instructions for ease of maintenance. Following the work instructions at the site, the work is directed for handling the work among the various stations that support the assembly, welding, machining, and inspection-the 4 main job functions of repair. Workers sign their name on the instruction once they have finished the step. Then, they hand the work over to the next station. No matter how complicated the repair project is, the work instruction records with the repair history are filed in a folder. Everything is traceable in the folder for each individual repair job. Thus, the work instructions are emphasized as the most important element in this paper, because their sources are optimized and qualified, such that systematic control of the overhaul process can be demonstrated.
Development of the work instruction model begins with the overhaul process in Appendix 1; the detailed work instructions guide workers in executing their jobs through each step under certain work conditions. Five columns of work instructions are defined: item, work procedure, quality specification, station, and work day. Items are numerical records to guide the order of operation but are allowed to be inserted if a change is requested; so, the item number does not increase in a purely continuous sequence. Work procedures describe the work actions that are to be performed. Quality specification is the ISO 9001:2000 system of documents, instructing on how the job is to be done following specific conditions and qualifications. Stations identify different work functions and are established with a variety of equipment to support specific jobs.
As the job continues per the work instructions from beginning to end, executing each step in turn, the job is completed in a controlled manner and maintains quality during the process. The inspection forms are then attached to specifically identify what will be controlled as the job is executed and are included with the work order that is issued to execute the job. Per this method, jobs are assigned with very clear work instructions that travel with the work pieces to each workstation. The improved efficiency, resulting from good work plans within a repair shop, permits many projects to be undertaken concurrently, depending on the job load at the various stations. Then, manpower, tools, and workshop capacity can be utilized more effectively. From the work instruction, the working days that are needed for the work plan are provided to the calculation of MDT availability. The MTBM parameter is also needed for the calculation of availability. Table V identifies based on the quality specifications (such as the lifetime of the parts), which together determine the availability for each level, where A= MTBM/(MTBM + MDT). Overhaul downtime causes us to consider 2 concerns. One is the production loss during the downtime. The second is the shutdown frequency cycle of overhauls. This example defines production loss as NT$ 650,000 per day of shutdown and a bi-annual (24 months) overhaul cycle; thus, C2 is 650,000. To simplify the cost evaluation model, we ignore the second concern in this paper.
The data in Table VI show the work item of the overhaul cost center that is specified in the ISO 9000 system, regulated per the Taguchi OA format L 9 . Nine observation values are quoted from Table V , and production loss must be considered to determine real cost as Zi + (C2xST). Each Zi value, where i ranges from 1 to 9, of the production loss must select the maximum number of days of shutdown, mapped with all of the real cost of Zi + (C2xST) listed in the very right column of Table VII.   TABLE VI: LIST OF COST CALCULATIONS   TABLE VII: DIRECT COST The availability, A, in Table V , derived from MTBF and MDT, is integrated with cost formulas (1) thru (4), and we obtain the CV value in Table VIII from the direct cost in  Table VII . For example, the first experiment in factor A of Mechanics and Manufacturing, Vol. 5, No. 4, November 2017 values of OA. While it is relatively easy to obtain theoretical results using a computer, for practical application, we must consider actual situations. In this example, not all observation values can be obtained solely from a formula; they are derived from different definitions and related to the days of shutdown. Nevertheless, OA is adequate to obtain the optimal result.
The lowest price might result in lower quality. It is also possible that the highest price might fail to effect the best quality, or it may result in even greater quality than is required. In this paper, availability is used for the evaluation of cost value. Cost value is a similar evaluation that allows us to compare with direct-cost calculations. This calculation is also a novel theory. The purpose is to generate a reference of what decisions are indicated if based solely on the direct cost; adding an availability element to the evaluation generates a result that could differ. Further, an availability analysis does not yield a real monetary value; it can only be a reference. However, it can be valuable as a reference in the decision-making process.
To understand the reference, we will compute the quantitative cost compared with availability by using Table  III as the main effect of the 4 factors to obtain Tables VIIII and X, which present the optimal combination of the levels, in which cost value have been calculated from Tables VII and VIII.
V. FINDINGS AND DISCUSSION
Both optimal combinations of Tables VIIII and X with regard to factor D have different effect: D2 and D3. It results manpower in the situation which consider availability. While only direct cost is evaluated, the best level of factor D3 is to use all local manpower for the installation. But, considering availability in evaluating which CV to select, the best level of factor D2 is the use of 1 OEM supervisor and subsequently other local technicians. This also implies that the supervisor so critical to address concerns in the engineering duties. The effects of factors are displayed in Fig. 3 , which cites OA to obtain the best combination for specific levels and factors. Calculating the direct cost and VC, the real cost of the best combinations of Table IX These values differ by NT$1,621,443 (US$ 54,048) between combinations, indicating that whether availability is considered or not, the lifetime is affected. NT$1,621,443 (US$ 54,048) is worth it to allow for availability to avoid risk. So, cost value is useful as an evaluation reference, in addition to direct cost, in this model; it also claims that the effect of availability must be considered to help to make the most optimal decision.
VI. CONCLUSION
This paper presents a concept, based on existing scientific practice, and considers technology and work time together, relative to cost, when applied to an overhaul project. Several methods are developed to refine the process and improve the results of overhaul instructions in practical ways, contributing a new methodology for overhaul services to determine the beneficial approach for non-routine situations. The evaluation and work instructions have the potential to ensure job quality and provide a systematic method to control overhaul processes. Significantly, maintenance management programs implement this overhaul instruction concept to perform larger-scale jobs through increased efficiency and control. Although maintenance and overhaul jobs are not routine, utilizing the practices that are outlined here will enable service suppliers to perform these functions routinely for multiple jobs simultaneously.
Being aware of 3 major parts as factors-the rotor, bearing, and casing-when conducting overhaul of turbo machinery during unforeseen events during the overhaul process could enable decision-makers to make better decisions-eg, whether to repair or buy and to refine the overhaul process in an efficient way under cost restrictions.
Besides an experienced supervisor who takes the lead in performing overhaul tasks, instructions are likely to be given verbally without a detailed plan, and owners and contractors have no way to track job quality and have no historical information to refer to with regard to the repair procedures that are used to improve machinery overhaul. The models that are discussed here could be developed using a standard software package by programming and be made available for non-routine jobs by industrial machinery repair companies. His research interests include supply chain management, management of technology, production operations management, quality control, material management and work study. He is an Executive and has been full of much experience in electronics industry. He was responsible for designing new products from EVT (Engineering Verification Test), DVT (Design Verification Test), PVT (Production Verification Test) and MP (Mass Production) and Quality System. He has also continued to upgrade the production yield and has used QC-7 Tools and 6 sigma to resolve the issue of the process and customers' complaints at the same time.
